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Abstract 
Multitasking Ability in Multiple Sclerosis: Can it Inform Complex Behavior? 
Chelsea Lodge Morse, B.A. 
Maria Schultheis, Ph.D. 
 
 
 
Cognitive dysfunction is one of most disabling features of MS, occurring in about 43-
65% of MS individuals, and has been shown to be associated with difficulty maintaining 
employment in MS.  A review of the literature demonstrates that previous domain-specific 
approaches to examining the effects of cognitive impairment on employment have not 
adequately explained high unemployment rates in MS.  Performance on a more complex task 
that integrates multiple cognitive domains may be a useful predictor of vocational functioning 
among individuals with MS. 
Evidence for a more complex and integrated cognitive task comes from studies assessing 
patient self-report, which demonstrate that individuals with MS have difficulties with job 
functions including planning, problem solving, and organizing.  Together these abilities support 
a function termed multitasking.  Multitasking ability has not been fully examined in MS, and this 
study will initiate the first examination of the relationship between multitasking and vocational 
functioning.   
The study consisted of two specific aims; 1) to examine multitasking ability in MS, and 
2) to examine the relationship between multitasking ability and vocational functioning.  It was 
hypothesized that a percentage of individuals would be impaired on the multitasking measure.  It 
was hypothesized that an inverse relationship would exist between multitasking ability and self-
reported level of difficulty multitasking at work.  Finally, it was hypothesized that individuals 
who were unemployed at the time of the study would demonstrate significantly more 
  vi 
multitasking impairment and report higher level of difficulty with multitasking related tasks and 
abilities at work than individuals who were employed.   
Demographic and disease characteristics were coded, and the measures analyzed in the 
present study included: 1) neuropsychological measures of executive functioning (PASAT; Trail 
Making Test; COWAT; Oral Symbol Digit Modalities Test; Zoo Map Test); 2) measure of 
multitasking ability (Modified Six Elements Test, SET); 3) measures of physical functioning 
(Nine-Hole Peg Test; Timed Walk Test); 4) measure of difficulty experienced with multitasking 
at work (Structured Interview of Multitasking at Work); and 5) measures of psychosocial 
functioning (Beck Depression Inventory-II; Chicago Multiscale Depression Inventory; Fatigue 
Severity Scale; MS Quality of Life-54).  Vocational groups were analyzed by two methods: 1) 
unemployed (UE) and employed (E) individuals; and 2) individuals who had reduced their work 
hours since being diagnosed with MS (CB), and those who had not reduced their work hours (S). 
In a sample of 30 participants with confirmed MS, multitasking ability was characterized 
by three performance measures shown to be independent of each other and sensitive to 
multitasking impairment.  No significant relationship was found between performance on the 
SET and self-reported level of difficulty multitasking at work.  Both UE and CB participants 
demonstrated more multitasking impairment than respective E and S participants (p=.05).  
Significant group differences in level of difficulty beginning new projects at work and rate of 
performance at work were found between UE and E participants.  Significant group differences 
in fatigue and rate of performance at work were found between CB and S participants.  Together, 
level of fatigue interference and multitasking ability predicted vocational group placement with 
76.7-77.8% accuracy.   
  vii 
The current study initiated the first theoretically based characterization of multitasking 
ability in MS.  Multitasking was identified as a significant and independent predictor of 
vocational functioning, whereas performance on neuropsychological measures were not.  Results 
can be utilized in vocational rehabilitation efforts to both modify the structure of an individual’s 
work environment and in making recommendations for vocational placement.  Future research 
could continue to explore the clinical utility of measuring multitasking ability as related to 
employment, using more ecologically valid measures of multitasking ability and extending 
studies to examine the contribution of multitasking to other activities of everyday functioning.     
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1. Introduction 
1.1 Specific objectives 
 
 The overarching goal of this research proposal is to examine multitasking 
ability in individuals with Multiple Sclerosis (MS).  MS is a demyelinating disease of the 
central nervous system that is characterized by physical symptoms (i.e., fatigue, balance 
problems, paraesthesias, urinary disturbance, spasticity), emotional problems (i.e., 
depression), and cognitive impairments (i.e., deficits in processing speed, memory, 
learning, and executive functions).  Physical and cognitive symptoms in MS have been 
shown to affect an individual’s ability to perform everyday functional activities such as 
employment (Higginson, Arnett, & Voss, 2000).  In particular cognitive impairments 
have been shown to be associated with elevated rates of unemployment among 
individuals with MS.  Studies have demonstrated the limited ability of traditional 
neuropsychological tests to predict differences in employment status.  Patient self report 
of difficulty organizing and switching between tasks at work and the neuropathology of 
MS including damage to the fronto-subcortical circuit provide evidence that multitasking 
ability may be a factor influencing unemployment in MS. 
Multitasking is defined as an individual’s ability to complete multiple discrete 
tasks within a specific timeframe where switching between tasks is required.  One 
previous study in the MS literature has demonstrated that individuals with MS displayed 
deficits in multitasking ability, but did not show significant differences on tests of 
executive functioning compared to healthy controls (Roca et al., 2008).  Additionally, 
multitasking deficits were significantly associated with white matter damage in the 
frontolateral brain region, suggesting that multitasking may be governed by separate 
neuroanatomical processes than executive functions.  The understanding of multitasking 
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ability in MS is limited and its impact on vocational functioning has not been established.  
The aim of the current study is to examine multitasking ability in individuals with MS 
and to examine the association between multitasking ability and the level of 
responsibility employees with MS have retained since being diagnosed with MS.  The 
long term goal is to further our understanding of complex cognitive functions in MS and 
to inform rehabilitation approaches to develop compensatory strategies to reduce 
unemployment rates in MS.                
 
1.2 Background: Multiple Sclerosis 
 
Multiple Sclerosis (MS) is a demyelinating disease of the central nervous system, 
causing lesion formation in the brain and spinal cord throughout the course of the disease.  
MS is a chronic and degenerative disorder, diagnosed most frequently between the ages 
of 20 and 45.  MS reduces life expectancy after onset by about 10-15 years, although half 
of those diagnosed survive 30 or more years after disease onset.  MS is characterized by a 
variety of disease forms, differing in the progression of neurologic deficits and whether 
there is complete or incomplete recovery after exacerbations of disease symptomatology.  
Approximately 55% of individuals are diagnosed with relapsing-remitting disease type, 
which is the most common type of MS (Lublin & Reingold, 1996).  Relapsing-remitting 
is characterized by periodic exacerbations of symptoms, which may be separated by 
months to years, after which partial or complete recovery occurs.  By contrast, a 
progressive disease course is defined by gradual accumulation of neurologic deficits and 
worsening of clinical symptoms as time progresses.  There are two main types of 
progressive disease, which include primary progressive MS where patients show a 
gradual worsening of symptoms without disease exacerbations, and secondary 
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progressive MS where patients show a gradual worsening of symptoms, with or without 
disease exacerbations.  It is common for individuals initially diagnosed with with 
relapsing-remitting MS to transition to secondary progressive MS if left untreated; the 
secondary progressive disease type accounts for about 30% of individuals with MS.  
Primary progressive MS accounts for about 10% of individuals, and those initially 
diagnosed with this disease type tend to be older at diagnosis and present with spinal cord 
dysfunction without obvious brain involvement (Lublin and Reingold, 1996).    . 
 A 2003 study by Mayr and colleagues reported a prevalence rate of MS in the 
United States of 191 per 10,000.  Worldwide about 1 million people between the ages of 
17 and 65 are diagnosed with MS.  Prevalence rates vary depending on gender, ethnicity, 
genetics, and geographic location.  Hogancamp, Rodriquez, and Weinshenker (1997) 
reported that MS is two to three times more common in women than men.  It is more 
common in people of Northern European heritage, and among people who live in the 
northern latitudes (40 degrees latitude and higher) during childhood.  Genetics is thought 
to influence the risk of developing MS, to the extent that risk increases from 1 per 750 
persons in the general population to1 per 40 persons if an individual has a close relative 
with MS.  
Diagnosis of MS is based on medical history, a neurological examination, 
cerebral spinal fluid abnormalities, brain and spinal cord MRI abnormalities, and 
increased latency of evoked potentials.  Clinical symptoms of MS vary widely between 
individuals.  Physical symptoms include weakness, fatigue, balance problems, 
paraesthesias, urinary disturbance, spasticity, and blurred vision.  Beyond physical 
symptoms, MS patients also report emotional and cognitive symptoms.  Mood and 
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affective changes occur in MS individuals; lifetime prevalence of major depression 
ranges from 40 to 60 percent, the highest prevalence rate of depression of any 
neurological disorder (Aikens, Fischer, Namey, & Rudick, 1997).  Cognitive dysfunction 
is one of most disabling features of MS, occurring in about 43-65% of MS individuals 
(Fischer, 1999; Rao, Leo, Bernardin, & Unverzagt, 1991), and resulting in significant 
impairments in an individual’s work and social activity.  Cognitive deficits have been 
shown to be independent predictors of functional impairment over and above an 
individual’s degree of physical disability (Amato, Ponziani, Siracusa, & Sorbi, 2001; 
Beatty, Blanco, Wilbanks, Paul, & Hames, 1995), and therefore warrant study as 
important markers of disease progression and patient quality of life. 
1.3 Cognitive dysfunction in MS 
The onset of cognitive symptoms is variable in MS.  At disease onset 26 to 54% 
of individuals present with cognitive deficits (Amato, Ponziani, Pracucci, Bracco, 
Siracusa, & Amaducci, 1995; Zivadinov et al., 2001), a percentage which increases with 
disease progression and is unlikely to remit throughout disease duration (Kujala, Portin, 
& Ruutiainen, 1997).  Investigation of cognitive changes in MS has only emerged in the 
last few decades.  Neuropsychological research has shown that cognitive changes in MS 
usually are not global, but are circumscribed to key domains of cognitive impairment, 
including memory, learning, and speed of information processing speed (Fischer, 1999).  
Deficits in the domains of linguistic ability, visuo-spatial abilities, and executive 
functions such as reasoning, problem solving, and planning are also common.        
1.3.1 Domain-specific cognitive deficits in MS  
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The cognitive domain of memory is one of the most affected by MS.  Research on 
the extent of impairment in the sub-domains of memory has produced conflicting results.  
Early studies argued that short-term memory (STM) is intact in MS individuals and that 
deficits in long-term memory (LTM) are a function of retrieval deficits.   A meta-analysis 
by Thorton and Raz (1997) supported a different profile of the sub-domains of memory 
characterized by a global pattern of memory impairment across STM, working memory 
(WM), and LTM resulting from both retrieval and encoding deficits.        
Studies of information processing speed in MS have yielded mixed results.  
Slowed reaction time in MS has been frequently reported (Demaree, DeLuca, Gaudino, & 
Diamond, 1999; Kujala, Portin, Revonsuo, Ruutiainen, 1994), with more deficits in 
speeded processing of verbal information (Kali, 1998).  Review of the literature shows 
that individuals with MS show significant difficulty on tasks requiring rapid and complex 
information processing, such as rapid visual scanning, attentional switching, and speeded 
application of working memory operations (Arnett & Smith, 2009).  However in the 
literature there is a debate over whether slowed reaction time is due to a slowing of 
mental processing independent of motor slowness (Kujala et al., 1994) or a combination 
of both mental and motor slowness (Laatu, Revonsuo, Jamalainen, Ojanen, & Ruutiainen, 
2001).     
Dysarthria and hypophonia are common speech abnormalities in individuals with 
MS (Hartelius, Runmarker, & Andersen, 2000).   Mild impairments in verbal intellectual 
functioning are also common, occurring in about 20% of individuals (Rao et al., 1991).  
Although linguistic abilities are affected by MS, the presentation of aphasia, alexia, 
apraxia, and agraphica are unusual.  Visuo-spatial deficits occur in about 10-20% of 
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individuals, including difficulty with higher-order visual-spatial skills such as angle 
matching or face recognition (Rao et al., 1991).   
Executive functioning is commonly affected in MS, including the skills of 
cognitive flexibility, concept formation, verbal abstraction, problem solving, and 
planning (Amato, Zipoli, & Portaccio, 2006; Benedict et al., 2002; Bobholz & Rao, 
2003).  Related to planning deficits Arnett and colleagues (1994) found that when 
planning a series of moves to solve a problem, individuals with MS arrived at fewer 
correct solutions and took longer to plan each move.  Of note, findings from another 
study in the literature examining planning ability found that it was impaired only during 
the most difficult and complex tasks (Foong et al., 1997).  The ability to shift mental sets 
is impaired in MS (Beatty & Monson, 1996; Winkelmann, Engel, Apel, & Zettl, 2007), 
particularly during performance of novel tasks (Birnboim & Miller, 2004).  Consistent 
with impairments in cognitive efficiency, about 20-25% of MS patients show deficits on 
phonemic and semantic fluency tasks (Rao et al., 1991).   
Measurement of cognitive deficits in MS is not limited to neuropsychological 
measures and includes patient self-report of cognitive impairment.  Studies examining the 
accuracy of self-report of cognitive impairment in MS demonstrate that individuals are 
able to provide valid and reliable report of cognitive and functional dysfunction.  
Specifically, Benedict and colleagues (2004) found that 68% of individuals with MS 
were able to accurately identify themselves as cognitively impaired when report was 
compared to performance on neuropsychological measures.  Examination of the false 
positive responses in this study demonstrated that depression was common in individuals 
who inaccurately classified themselves as cognitively impaired.  Another study examined 
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the accuracy of self-reported health among individuals with MS who were cognitively 
impaired (Gold, Schulz, Monch, Schulz, & Heesen, 2003).  Results demonstrated that 
despite cognitive impairment individuals with MS provided reliable and valid report on 
two separate health measures. 
In summary, the cognitive domains of memory and complex attention/speeded 
information processing are the most affected in MS; the domains of verbal fluency, 
working memory, visual-spatial functioning, and executive functions are also commonly 
affected.  Although about 80% of individuals with MS who have cognitive deficits are 
relatively mildly affected, mild cognitive impairment has been shown to be associated 
with difficulty in everyday activities (e.g., work, personal care activities, social 
activities), highlighting the importance of ecologically valid measurement of cognitive 
functioning (Higginson, Arnett, & Voss, 2000).  Improving our understanding of the 
effect of cognitive impairment on daily functioning will inform rehabilitation efforts 
aimed to improve patient quality of life.  One area of daily functioning shown to be 
effected in MS is employment (Kornblith, LaRocca, and Baum, 1986), but a review of 
the literature demonstrates that the effects of cognitive impairment on employment is not 
fully understood. 
1.4 Studies of cognition and vocational functioning 
The ability of neuropsychological tests to predict impairment in everyday living 
has been a growing area of interest in the MS literature.  One area of daily functioning 
shown to be affected by cognitive dysfunction is employment.  For example, at work MS 
individuals report difficulty with memory, communication, attention, executive functions, 
and feeling overwhelmed when faced with multiple demands (Yorkston, Johnson, 
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Klasner, Amtmann, Kuehn, & Dudgeon, 2003).  Prior to diagnosis the employment rate 
of MS individuals is 90%, but within five years of being diagnosed 70-80% of MS 
employees leave the workforce (Kornblith et al., 1986).  To understand the influence of 
cognitive impairment on the high unemployment rate in MS studies have examined the 
associations between neuropsychological test performance and employment status.  Of 
note, these previous studies have taken a domain specific approach to examine the 
influence of cognitive impairment on employment.  The findings of these studies, which 
will be reviewed below, 1) point to the limitations of studying discrete cognitive domains 
to predict complex behaviors like vocational functioning, and 2) suggest the usefulness of 
using more complex integrated cognitive performance to predict vocational functioning.  
Impaired performance on neuropsychological testing has been shown to be 
predictive of unemployment in cross-sectional studies (Amato et al., 2001; Beatty, et al., 
1995; Benedict, et al., 2005; Rao et al., 1991).  Early studies examining the impact of 
cognitive dysfunction on employment in MS were initiated by the work of Rao and 
colleagues (1991).  The researchers used a comprehensive neuropsychological battery to 
measure cognitive impairment, and classified individuals as either cognitively intact or 
cognitively impaired; cognitive impairment was defined by scores below the fifth 
percentile on four or more tests.  Group differences were calculated for the amount of 
functional impairment experienced in everyday life, including work.  The results yielded 
significant differences in employment status between the two groups, revealing that 
cognitively impaired individuals were more likely to be unemployed than cognitively 
intact individuals.  However the findings are limited by the broad classification of 
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participants as cognitively intact or impaired, which excludes the influence of domain-
specific deficits on employment.            
  A few studies have examined domain specific neuropsychological deficits to 
gain a fuller understanding of the influence of cognitive impairment on employment in 
MS, but results have been inconsistent.  In an early study examining domain specific 
cognitive deficits, performance on measures of short term memory, delayed recall 
memory, and verbal fluency accounted for 20% of the variance in employment status of 
MS individuals (Beatty et al., 1995).  Building off of this approach, Benedict and 
colleagues (2005) examined the impact of physical disability (EDSS score), cognitive 
functioning, and personality traits on employment with a logistic regression.  The final 
predictive model of employment status included working memory ability, executive 
functioning, informant-reported conscientiousness, disease duration, and visuo-spatial 
ability.  Comparisons of the findings from these cross-sectional studies demonstrate 
differences in the cognitive domains found to be significantly associated with 
employment status.  Further inconsistency in the literature is evidenced by a study that 
assessed differences in cognitive functioning between MS individuals employed full 
time, those who cut back on their working hours, and those who were unemployed (Smith 
& Arnett, 2005).  Results showed a lack of significant differences in cognitive 
functioning between the three groups, suggesting neuropsychological performance did 
not have a significant impact on employment status.  Inconsistent characterization of the 
relationship between cognitive functioning and employment status suggests that there are 
additional abilities and factors influencing employment that are not readily measured by 
neuropsychological tests. 
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In summary, previous studies that found a significant association between 
cognitive impairment and employment in MS have identified a range of domain specific 
abilities most relevant to employment status, including memory, learning, processing 
speed, and executive functioning (Beatty et al., 1995; Benedict et al., 2005).  However 
there is inconsistency among studies in identifying the neuropsychological domains most 
predictive of employment status, which reveals the limitations of using a domain specific 
approach to understand the effects of cognitive impairment on vocational functioning.  
Moreover, in the studies reviewed neuropsychological tests measuring specific cognitive 
domains only accounted for a limited proportion of variance in work status.  The 
limitations of the domain specific approach are acknowledged by Burgess and colleagues 
(2006) who proposed that neuropsychological tasks are limited in their ability to predict 
impairments in everyday “real-world” activities, such as employment, because they do 
not capture the environmental demands of daily life.  This has been evidenced in the 
literature with individuals who report impairment in everyday functioning despite normal 
performance on neuropsychological tests in the laboratory (Burgess, Alderman, Evans, 
Emslie, & Wilson, 1998; McKibbin, Brekke, Sires, Jeste, & Patterson, 2004).  Reasons 
for this discrepancy may be due to, among other possibilities (e.g., psychiatric factors), 
impairment in the ability to prioritize, organize, and structure a course of action in the 
face of competing alternative in everyday situations.  For example, Roessler and Rumrill 
(1995) demonstrated that individuals with MS report difficulties with job functions 
including planning, problem solving, and organizing.  Together these abilities support a 
function which has been termed “multitasking”.  Multitasking is not readily measured by 
neuropsychological tests, and may serve as a unique predictor of vocational functioning. 
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In summary, prediction of functional deficits in demanding environments (e.g., 
the workplace) for a high functioning clinical group (e.g., individuals with MS) may be 
better served by measures that are designed to model the demands of real-world 
functioning (e.g., multitasking).  By utilizing performance on a complex and integrated 
cognitive task of multitasking, the current study moves beyond the limitations of 
examining domain specific abilities in MS. 
 
1.5 Multitasking ability   
 
In the current study multitasking will be operationalized as an individual’s ability 
to complete multiple discrete tasks within a specific timeframe where switching between 
tasks is required.  Multitasking involves the creation and maintenance of delayed 
intentions, where the individual determines the appropriate time to return to a task.  Often 
in this context the individual must determine what constitutes adequate performance on a 
task in the absence of minute-by-minute performance feedback.  Unforeseen 
circumstances also play a role in the context of multitasking, as individuals must maintain 
sub-goals of each task while addressing interruptions or distractions (Burgess, 2000).  
Many studies have related the term multitasking to dual-task paradigms where 
individuals are simultaneously performing multiple tasks or are allocating attention to 
multiple streams of input (Meyer & Kieras, 1997).  In the current study it is 
acknowledged that simultaneous performance of tasks can occur, but is not required as 
multitasking is defined as the ability to carry out a series of discrete tasks within a 
specific timeframe.     
Research has shown that an isolated set of cognitive and neuroanatomical systems 
likely support multitasking.  In an early study Shallice and Burgess (1991) identified 
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patients with frontal lobe damage who were impaired on a multitasking measure, but 
showed no deficits on traditional tests of executive abilities, memory, language, or IQ.  
Further evidence for discrete cognitive processes supportive of multitasking was 
demonstrated by Burgess and colleagues (1998) who examined the relationship of 
neuropsychological test performance and a measure of multitasking with informant 
reported difficulties in everyday functioning.  Results yielded significant correlations 
between the multitasking measure and factor scores for everyday deficits in organization 
and planning, while no other neuropsychological tests, including ten measures of 
executive functioning, were related to organization and planning deficits in daily life.       
Shallice and Burgess (1991) explained the circumscribed multitasking deficits of 
their patients as deficits in cognitive control systems, in line with the theory of the 
“supervisory attention system” of Norman and Shallice (1986).  The supervisory system 
is hypothesized to be seated in the prefrontal cortex and is activated when a task cannot 
be adequately executed through the application of well-learned action patterns.  In this 
way planning processes in everyday activities occur “on-line” as opportunities or 
difficulties arise in one’s environment.  Whereas the supervisory system is thought to be 
fractionated into separate processes, opposing theories exist which attempt to explain 
multitasking deficits from a unitary perspective.  Duncan and colleagues (1995) propose 
that fluid intelligence or Spearman’s g allows us to respond to a signal or cue in the 
environment, and dysfunction occurs when there is failure to respond resulting in neglect 
of behavioral goals.  However since critical aspects of the cognitive systems that support 
multitasking behaviors were shown to be a part of the supervisory attentional system 
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(Shallice and Burgess, 1991), the current study will conceptualize multitasking deficits as 
dysfunction of the supervisory system.        
1.5.1 Cognitive and anatomical correlates of multitasking  
To understand the components of the supervisory attention system and how they 
might relate to the complex stages of multitasking, Burgess et al. (2000) examined the 
cognitive correlates of multitasking in 90 patients with focal cerebral lesions and 60 
healthy controls using a multitasking measure named the Greenwich Test (GT).  The GT 
requires participants to engage in three open ended tasks over a fixed time period of ten 
minutes while conforming to specific task related instructions and switching between 
tasks to maximize their score.  Cognitive variables relevant to multitasking performance 
were examined, and a subsequent structural equation model proposed three cognitive 
constructs that were involved in multitasking.  The three groups of processes found to be 
relevant to multitasking were retrospective memory, planning ability, and prospective 
memory.  Retrospective memory deficits impact an individual’s ability to encode and 
subsequently recall information relevant to creating action plans.  Impairments in 
planning ability impact an individual’s ability to organize an initial sequential action plan 
and evaluate the effectiveness of that plan.  Finally, impairments in prospective memory, 
which is in part dependent on retrospective memory and planning ability, impair an 
individual’s realization of delayed intentions. 
Burgess and colleagues (2000) also examined the anatomical correlates of 
multitasking by examining the relation between lesion location and performance on the 
GT.  Results yielded four main anatomical regions involved in various aspects of 
multitasking.  The medial left hemisphere including the posterior cingulate and occipital 
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lobe were associated with both retrospective and prospective demands of the task.  The 
right dorsolateral frontal region was primarily associated with planning ability.  Lower 
scores on the task, which represent fewer task switches and an increased number of rule-
breaks, were associated with medial left frontal regions, excluding the left orbital region.  
Finally the left anterior cingulate and surrounding paraventricular regions were associated 
with delayed recall of the task rules.  The demonstrated importance of the frontal lobes in 
multitasking may implicate multitasking deficits in MS due to the relative frequency of 
frontal lobe lesions in MS (Foong et al., 1997) and the presence of executive functioning 
deficits in MS related to frontal lesion load (Arnett et al., 1994; Swirsky-Sacchetti, 1992).  
The current study hypothesizes that individuals with MS will show deficits in 
multitasking ability. 
1.5.2 Measurement of multitasking 
The most commonly used assessment of multitasking in the literature is the Six 
Elements Test (SET; Shallice & Burgess, 1991).  The SET was used as a model to create 
the previously noted Greenwich Test (GT).  Therefore the SET and GT are close 
analogues with the main differences being that the GT requires fewer task switches and a 
greater number of rules to follow.  The SET will be used in the current study in order to 
measure multitasking ability with the fewest number of rules artificially shaping 
performance.  The SET requires participants to complete six different tasks within 10 
minutes.  Participants are scored on the number of tasks attempted, the maximum amount 
of time spent on any one test, and the number of times they broke a rule.  The SET was 
developed as a lab based model of everyday functioning to measure voluntary multiple 
delayed task switching, which occur in real life when performing multiple separate tasks.  
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Burgess and colleagues (1998) provided evidence for the relationship between 
performance on the SET and difficulties with planning, decision-making, and 
distractibility in everyday life within a sample of 92 mixed aetiology neurological 
patients.  Results also demonstrated that performance on the SET had a significantly 
stronger relationship to reported multitasking deficits in everyday life than traditional 
tasks of executive functioning such as the Wisconsin Card Sorting Test (WCST) and 
Controlled Order Word Test (COWAT).  Although never used in the MS population, the 
SET has been administered to patients with traumatic brain injuries.  Studies show that 
these individuals display an elevated number of rule violations and attempt a lower 
number of tasks, suggesting poor planning skills and difficulty switching between tasks 
(Gouveia, Brucki, Malheiros, & Bueno, 2007; Levine, Stuss, Milberg, Alexander, 
Schwartz, & McDonald, 1998).     
 
1.5.3 Evidence of multitasking deficits in MS  
One study in the literature has examined multitasking ability in individuals with 
MS.  In this study multitasking was defined by performance on the Hotel Task (Manly, 
Hawkins, Evans, Woldt & Robertson, 2002) and Multiple Errands test hospital version 
(Knight, Alderman, & Burgess, 2002).  The Hotel Task requires participants to complete 
five distinct activities in 15 minutes, while remembering to hit a button at two predefined 
times.  The Multiple Errands test hospital version requires participants to carry out twelve 
different tasks under real world conditions.   The authors examined performance of 
twelve individuals with relapsing-remitting MS who had fronto-subcortical damage on 
the two multitasking measures described above and traditional neuropsychological 
  16 
 
measures of memory, executive functions, and language.  Results yielded significant 
deficits on the two multitasking measures despite unimpaired performance on tasks of 
executive functions including the Wisconsin Card Sorting Test, verbal fluency test, and 
Trail Making test.  Additionally, multitasking deficits were significantly associated with 
loss of tissue integrity in the frontolateral brain region as measured by diffusion tensor 
imaging, whereas performance on neuropsychological measures was not (Roca et al., 
2008).   
This study provides evidence that individuals with MS exhibit isolated deficits in 
multitasking, which are separate from executive functioning abilities and may provide 
unique predictions about everyday functioning in the workplace.  However this 
preliminary study is limited in the tests used to assess multitasking ability.  The rules of 
the two tests provide an artificial amount of structure, such as instructing participants to 
spend an equal amount of time on each task rather than requiring the participant to 
organize and initiate their own action plan.  Additionally, on the Hotel Task participants 
are limited in the number of points they receive for switching between each of the five 
activities so that frequent switching between tasks is not measured by this test although it 
is a skill relevant to real world multitasking.  Finally the Multiple Errands Test, which 
requires participants to complete tasks while traveling around a hospital setting, is not 
easily standardized across diverse settings and is not ideally suited for research.  Thus, 
the multitasking test used in this study (i.e., the Six Elements Test) will improve upon 
these previous versions by employing a consistent clinical measure test that requires 
participant initiated task switching and time management.   
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Multitasking ability may be particularly important for the MS population, which 
as a group is often employed in a professional-technical setting.  This has been shown 
objectively in a study by Smith and Arnett (2005) where the Hollingshead system 
(Hollingshead, 1975) was used to code the level of different job titles using a nine-step 
scale based on the 1970 United States Census.  Briefly, along the scale a score of 1 
corresponds to labor and service jobs (e.g. dishwasher), a score of 5 corresponds to a 
clerical and sales worker (e.g., bank teller) and a score of 9 corresponds to higher 
executives or major professionals (e.g. dentist or lawyer).  Results demonstrated that 
among the group of individuals with MS the average range of job title ratings was 5.62 to 
7.40, illustrating that on average individuals with MS are employed in more demanding 
and upper level positions.  Knowledge from vocational rehabilitation counseling efforts 
shows that an employee in a more challenging occupational environment will have a 
greater need to plan, organize, and execute activities throughout the day in a time 
efficient manner (Clemmons, Fraser, Rosenbaum, Getter, & Johnson, 2004).  Together 
these abilities comprise the function of multitasking, which despite the likely role it plays 
in vocational functioning has not been directly measured in relation to vocation in MS.  
An examination of multitasking ability in MS may provide unique insight into the 
challenges these individuals face in the workplace, and provide useful information when 
determining job placements for individuals with MS seeking vocational rehabilitation.  
1.6 Purpose of the present study 
The first aim of this study is to examine multitasking ability among individuals 
with MS.  The researchers hypothesize that a percentage of individuals with MS will 
show below average performance on an objective measure of multitasking indicating 
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multitasking impairment.  Second, it is hypothesized that scores on the multitasking 
measure and traditional executive functioning tests will not be significantly associated, 
demonstrating that multitasking ability is governed by separate and distinct processes 
than executive functions.  The second aim of this study is to examine the relationship 
between multitasking ability and vocational functioning in MS.  The researchers 
hypothesize that unemployed individuals will demonstrate significantly more impairment 
on a measure of multitasking than employed individuals.  Additionally, it is hypothesized 
that unemployed individuals will report a significantly higher level of difficulty with 
tasks and abilities associated with multitasking at work as compared to employed 
individuals.   Of note, in addition to exploring group differences based on employment 
status, the current study will group individuals based on whether they have reduced their 
hours since being diagnosed with MS or have retained the same number of work hours.   
Evidence of multitasking impairments in MS has been demonstrated by one study 
across the literature concerning cognitive impairments in MS.  However the tests used to 
define multitasking in this study failed to adequately measure the involvement of task 
switching, which is integral in performing a series of tasks.  The neuropathology of MS, 
including damage to the fronto-striatal circuits, provides additional support for examining 
multitasking ability, which studies show is primarily supported by the frontal lobes.  
Rationale for examining multitasking in the workplace comes from studies demonstrating 
inconsistent relationships between neuropsychological performance and vocation, which 
suggests that there is another factor contributing to cognitive difficulties at work, namely 
multitasking.  Finally, the literature has demonstrated that comparing individuals with 
MS who have reduced their work hours to those who have not changed their work hours 
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yields clinically significant group differences in physical, cognitive, and demographic 
variables (Morrow, Drake, Zivadinov, Munschauer, Weinstock-Guttman, & Benedict, 
2010; Smith & Arnett, 2005).            
The present study will add to the literature in several ways.  It will use a measure 
of multitasking that has never been examined in the MS literature, and be the first to 
examine the relationship between multitasking ability and executive functions in MS.  
This can contribute to our understanding of multitasking ability in individuals with MS, 
and add to our knowledge of higher-level complex functions served by the frontal lobes.  
Further, multitasking ability has never been examined in relation to vocational 
functioning in individuals with MS.  The current study extends beyond the traditional 
classification of individuals as employed or unemployed, by focusing on individuals with 
MS who are at varying levels of employment status based on the presence or absence of a 
reduction in work hours.  It is thought that this approach will allow the evaluation of 
progression towards unemployment in MS and identify factors that make it possible for 
individuals with MS to continue working.  Moreover, understanding the nature of 
multitasking ability in vocational functioning may help inform rehabilitation approaches 
to reduce unemployment rates and ultimately improve the quality of life for individuals 
with MS.    
2. Experimental Design and Methods 
 
2.1 Study Overview 
The data used in this study was collected as part of the author’s original master’s 
thesis and as part of an ongoing study funded by the National Multiple Sclerosis Society.   
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Participants in the study were recruited from the greater Philadelphia area community and 
through Thomas Jefferson University Hospital’s Neurology Department; an outpatient 
neurology clinic specializing in treating MS in Philadelphia, Pennsylvania.  All 
participants were seen for one testing session lasting approximately two hours.  During 
the testing session all participants were administered a measure of multitasking ability, 
neuropsychological measures of executive functioning, a structured interview of 
multitasking at work, and questionnaires of psychosocial outcomes.  The primary goals of 
the current study were to 1) measure and characterize multitasking ability in MS, and 2) 
examine the relationship between multitasking and vocational functioning.        
 
2.2 Participants  
 
Thirty participants recruited between February 2011 and May 2012 were included 
in the present sample.  All participants were diagnosed with MS according to the Poser 
diagnostic criteria (1983).  Participants met the following inclusion criteria: 1) diagnosis 
of MS for at least one year, 2) between 20-60 years of age, 3) stable regiment of 
medication within past 30 days, and 4) either currently or previously employed, as well as 
the following exclusion criteria: 1)  no significant neurological history (other than MS); 
2) no significant psychiatric history, defined by diagnosis and/or treatment of 
schizophrenia, bipolar disorder, or psychosis; 3) no MS exacerbation of symptoms within 
30 days prior to testing; 4) not currently enrolled part-time or full-time as a student.   
 
2.3 Power analysis 
 
An alpha level of .05 was used to determine statistical significance.  No previous 
effect sizes exist in the literature due to the exploratory nature of the current analyses.    
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Power analyses were conducted according to Cohen’s (1988; 1992) standards.  
Correlation analysis with six independent variables at a power of .80 and an alpha of .05, 
required a minimum sample size of 30 to obtain a small effect size.  In aim 2, using an F-
test analysis with two groups at a power of .80 and an alpha of .05, the minimum sample 
size required to obtain a small effect size was 30 participants.  A sample size of 30 
achieves 40.9% power to detect a χ2 value of 7.56 attributed to 3 independent variables 
using a logistic regression.  The current study’s approximate sample size of 30 
participants is expected to meet these requirements. 
 
2.4 Assessment measures 
 
2.4.1 Demographic Information 
 
Age, gender, disease type, duration of illness, and education level were collected 
for each participant.  Longer disease duration and the female gender have been shown to 
be associated with higher rates of unemployment in MS.  Differences in demographic 
variables among vocational status groups were evaluated, and upon finding significant 
differences these variables were controlled for in an effort to further isolate the 
contribution of multitasking ability to vocational functioning. 
 
2.4.2 Physical Measures 
 
Two measures of motor functioning that are commonly used to measure MS 
motor disability were used.  The 9-Hole Peg Test (9-HPT) was used as a measure of 
upper extremity functioning, and the Timed Walk Test (TWT) was used as a measure of 
lower extremity functioning.  Mean performance time for each task was used as the 
dependent measure of upper and lower extremity functioning.   
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Based on the recommendations of the National MS Society’s Clinical Outcomes 
Assessment Task Force, clinical outcome was assessed using the MS Functional 
Composite (MSFC).  The MSFC is comprised of three functional measures, which target 
key clinical dimensions of MS: upper extremity functioning (9-HPT), lower extremity 
functioning (TWT), and cognitive function (PASAT) that can be used to detect change 
over time in level of disability.  Scores on component measures are converted to standard 
scores and are averaged to form a single MSFC score.  In the current study, standard 
scores were generated using a representative database generated and published by the 
NMSS Task Force (Fischer, Jak, Kniker, Rudick, & Cutter, 2001).     
  
2.4.3 Multitasking Ability Measure 
 
Multitasking ability was measured with the Modified Six Elements Test (SET; 
Shallice & Burgess, 1991).  The SET is a 10 minute task where participants are instructed 
to complete three tasks (dictation, picture naming, and arithmetic), where performance is 
structured so participants must engage in task switching.  The rater observes the 
participant’s performance and scores the number of tasks attempted, maximum time spent 
on any one test, and the number of rule-breaks committed by the participant according to 
the scoring method developed by Burgess and colleagues (1991) to calculate an overall 
scaled score.  Additional performance measures were calculated from the SET.  Total 
number of times a participants switched tasks was measured to characterize task 
switching behavior.  The summation of accurately named pictures, arithmetic problems 
solved, and total number of seconds used for the dictation task were calculated and 
summed to measure the amount of the task a participant was able to complete in 10 
minutes.  These performance measures of the SET have never been utilized in the 
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literature, and are included to possibly provide more sensitive characterization of 
multitasking ability.       
Studies evidence the validity of the SET to capture the demands of everyday 
situations involving planning and organizing in the face of multiple demands (Burgess, 
2000).  In the present study, the total score of the SET was analyzed as a primary 
analysis.  Secondary analyses explored the relationship between vocational functioning 
and additional performance measures of the SET.          
2.4.4 Neuropsychological Measures 
Five tests of executive functioning shown to be sensitive to deficits in MS were 
used to assess sub-domains of executive functioning.  The Zoo Map Test from the 
Behavioural Assessment of Dysexecutive Syndrome (Wilson, Alderman, Burgess, 
Emslie, & Evans, 1996) was used as a measure of planning ability.  The Controlled Oral 
Word Association Test (COWAT-FAS; Benton, Hamsher, & Sivan, 1994) was reported 
and analyzed as a measure of verbal fluency.  The Trail Making Test (TMT; Reitan, 
1979) was analyzed as a measure of visuomotor tracking and set shifting.  The Paced 
Auditory Serial Addition Test (PASAT; Brittain et al., 1991) was reported as a measure 
of processing speed, and the Oral Symbol-Digit Modalities Test (SDMT; Smith, 1982) 
was used as a measure of processing speed and working memory.  In addition to 
executive functioning, verbal intelligence ability was measured with the Vocabulary 
subtests of the WASI (Wechsler, 1999).  Refer to Appendix A for a list and description of 
the neuropsychological measures used.  All participants were administered the 
neuropsychological battery in the following order: WASI Vocabulary, SDMT, TMT A & 
B, PASAT, FAS, Zoo Map Test.  Neuropsychological measures were analyzed in 
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correlational analyses to assess degree of relationship with the SET, and to assess for 
differences in neuropsychological functioning between vocational functioning groups.     
2.4.5 Depression Measures 
Depression is common in MS and can adversely affect performance on memory 
and attention based assessments (Arnett et al., 1999).  Depressed mood was measured 
using the Chicago Multiscale Depression Inventory (CMDI; Nyenhuis et al, 1998), and 
the Beck Depression Inventory-II (BDI-II).  The CMDI consists of mood, evaluative, and 
vegetative subscales.  Prior work (Arnett et al., 1999; Nyenhuis et al., 1998) recommends 
that only the non-vegetative scales from the CMDI will be used to avoid the potential to 
misidentify MS symptoms as vegetative depression symptoms.  All three subscales were 
used in the current study and two total scores on the CMDI were calculated, one 
including the vegetative subscale and one excluding it.        
2.4.6 Fatigue Measures 
 
Fatigue can compromise performance on neuropsychological measures by placing 
significant demands on processing speed and working memory (Johnson, Lange, DeLuca, 
Korn, & Natelson, 1997).  It is also relevant to the current study because vocational 
performance can be influenced by fatigue.  Fatigue was measured and reported with the 
Fatigue Severity Scale (FSS), a nine item report of fatigue level over the past week using 
a seven-point Likert scale.  This measure has been shown to differentiate between fatigue 
and clinical depression in MS (Krupp, 2000). 
The Visual Analogue Scale of Fatigue (VAS-F) is a visual analogue scale used to 
assess levels of state fatigue where participants indicate their current level of fatigue both 
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at the beginning and end of the testing session.  It was used to monitor the effects of 
fatigue over the testing session.   
            2.4.7 Multiple Sclerosis Quality of Life-54 
The Multiple Sclerosis Quality of Life-54 (MSQOL)-54 provides a quantitative 
measure of QOL (Vickrey, Hays, Harooni Myers, & Ellison, 1995).  This scale has the 
advantage of having both generic and MS-specific QOL assessments.  It has been shown 
to have high test-retest reliability, high internal consistency, and construct validity 
(Vickrey, Hays, Genovese, Myers, & Ellison, 1997).  The MSQOL-54 comprises 
questions from the Short From 36-Item Healthy Survey as a generic core measure, and 
includes 18 additional items that are specific to MS.  In total the measure includes 54-
items that are divided into 12 scales and two single-item scales (Physical QOL, Mental 
QOL).  Scale scores are created by averaging items within scales and transforming mean 
scores to 0 to 100 possible scores, with higher scores indicating a better QOL.  Physical 
and mental health composite scores are calculated as a weighted sum of selected sales.  
2.4.8 Structured Interview of Vocational Multitasking 
Studies of vocational functioning in MS have examined the relationship between 
cognitive impairment and employment status.  In the majority of studies, employment 
status has been operationalized as a dichotomous vocational outcome variable, which 
classifies individuals as either employed or unemployed.  However Jackson and 
colleagues (1991) found that the most common vocational pattern in MS is to move from 
an original position to one that places fewer demands on the individual, and then finally 
to move to retirement or unemployment.  Smith and Arnett (2005) incorporated this 
finding into their measurement of vocational status by grouping individuals with MS as 
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full time employees, those who had reduced their working hours, and retired individuals.  
The current study followed this approach by comparing individuals with MS who have 
not reduced their work hours to those who have reduced their work hours due to MS 
symptoms.   
Another promising approach of measuring vocational functioning in the MS 
literature is the Work Experience Survey (WES; Roessler and Rumrill, 1995), which 
assesses performance at work and on-the-job barriers individuals with MS experience.  
The WES requires participants to assess their ability to perform essential functions at 
work, report the number of barriers they experience at work, report their satisfaction with 
their current job in terms of whether their access to various reinforcers is adequate, and 
evaluate their perceived level of career mastery, including the ability to get ahead at 
work, plan their next career steps, and get along with others.  Although the WES 
demonstrates a useful approach in assessing difficulties employees with MS experience 
in the workplace it does not provide assessment of task-related functions necessary for 
successful multitasking, which are likely important for performance at work.  These 
functions could include switching between tasks at work, prioritizing responsibilities, 
organizing one’s time, and maintaining focus while working on tasks.  The current study 
adapted the approach of the WES by measuring the level of difficulty experienced with 
cognitive abilities and tasks relevant to multitasking in the context of the workplace. 
A structured interview was administered to each participant to gather information 
about the individual’s current employment and past vocational history.  The validity of 
self-reported vocational functioning is supported by studies demonstrating that in general 
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individuals with MS provide valid and reliable self-report of cognitive impairment 
(Benedict et al., 2004) and functional capabilities (Gold et al., 2003; Solari et al., 1993).     
  Part I of the interview assessed participants’ current occupational status, the 
number of hours worked each week, and whether participants had reduced their work 
hours due to MS symptoms.  Part II of the structured interview assessed the type of 
company participants worked for, three essential functions performed at work, a timeline 
of their occupational history, and the nature of responsibilities at work.  Part III assessed 
the level of difficulty participants have with various cognitive abilities and functions at 
work that are related to multitasking.  These abilities include switching between tasks, 
prioritizing work responsibilities, time management, the creation and accurate execution 
of delayed intentions, and memory for past information.  The cognitive abilities and 
functions included in the structured interview are based on the characteristics of everyday 
multitasking situations developed by Burgess (2000) and the cognitive correlates of 
multitasking demonstrated by Burgess and colleagues (2000).          
For each question in Part III participants responded based on a five-point Likert 
scale, with higher scores representing a greater degree of difficulty with that particular 
cognitive ability or task.  Dependent measures from the structured vocational interview 
included overall score from Part III, calculated by summing the scores for each response 
from Part III.  Additionally, differences in responses to individual questions of the 
structured vocational interview were assessed between groups. 
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2.5 Procedure 
 
Recruitment procedures included hanging IRB approved research flyers in the 
community, and recruitment from an existing database of individuals with MS who had 
participated in previous research conducted in the Advanced Neurotechnologies Lab 
(ANT).  All participants having fulfilled criteria for inclusion criteria were enrolled in the 
study and completed an informed consent form approved by the Institutional Review 
Board of Drexel University.  Participants took part in one research visit, which was two 
hours in length and took place at ANT within Drexel University.  The research visit 
included collection of demographic and disease symptom information via participant 
report, a motor exam, administration of the neuropsychological battery, completion of 
questionnaires, and the semi-structured vocational assessment.  Participants were offered 
periodic rest periods to counteract fatigue over the research visit, and change in level of 
fatigue was monitored by having participants rate their level of fatigue both before and 
after testing.  Administration of the neuropsychological battery and questionnaires were 
counterbalanced, and the administration sequence of the CMDI and BDI was 
counterbalanced.  All participants were compensated $50.00 for participating in the 
study. 
Following data collection for the final sample of participants, databases 
containing the variables of interest to the study were created.  Variables were included in 
the following categories: 1) demographic information, 2) physical measures, 3) 
neuropsychological data, and 4) vocational questionnaire data.  Participants with these 
variables were identified with a subject number in the study database to ensure protection 
of privacy.    
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2.6 Specific aims, hypotheses and statistical analysis  
Specific aim 1: To examine multitasking ability in individuals with MS. 
Specifically, the current study will characterize multitasking ability in MS and 
examine the relationship between executive functioning and multitasking.     
Hypothesis 1: A significant percentage of individuals with MS will show below 
average performance on the SET indicating multitasking impairments.  Support for 
examination of multitasking ability in individuals with MS is provided by one study in 
the literature that demonstrated that individuals with MS performed significantly worse 
on two separate measures of multitasking ability as compared to a healthy control group.  
Additionally the researchers showed that scores on the two measures of multitasking 
were significantly associated with white matter loss in the frontolateral brain region, 
suggesting an association between the neuropathology of MS and the neural substrates 
shown to be involved in multitasking, namely the frontal lobes.   
Planned Statistical Analysis 1: Since multitasking ability is an unexplored ability 
in MS, examining the distribution of scores will provide the first analysis of this ability.  
Objective multitasking ability will be measured with three performance scores from the 
SET.  These include 1) SET Profile score, which measures overall performance on the 
task as compared to a normative sample, 2) Total number of task switches, which is a 
numerical summation of the total number of times a participant switches task on the SET, 
and 3) Completion SET score, which measures total amount of the task a participant was 
able to accurately complete under conditions mandating multitasking.  All three 
  30 
 
performance variables will be analyzed for normality and Pearson correlations will be 
used to test for multicollinearity between SET performance variables.      
Hypothesis 2:  Together a combination of executive functioning tests will explain 
a significant portion of the variance in multitasking performance.  The existing literature 
has demonstrated the weak associations between the SET and tests of executive functions 
(Burgess, 2000; Knight, 1999), but this relationship has never been examined in the MS 
population.  One study demonstrated that performance on the SET was significantly 
associated with everyday deficits in planning and decision making whereas language, 
memory, intelligence, and ten measures of executive functioning were not (Burgess, 
2000).  This provides further evidence that the processes underlying multitasking may 
operate independently from individual executive functioning tests, but that a combination 
of tests may explain a portion of the variance in multitasking performance. 
Planned Statistical Analysis 2:  The association between neuropsychological tests 
of executive functioning and each of the three SET performance variables will be 
analyzed using Pearson correlations.  Neuropsychological tests that are significantly 
correlated with SET will be entered into a linear regression to analyze the portion of 
variance in multitasking ability explained by performance on the executive functioning 
measures.   
Specific Aim 2: To examine the relationship between multitasking ability and 
vocational functioning in MS. 
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Hypothesis 3:  Performance scores on the SET will be significantly inversely 
correlated to total score on the vocational interview.  In this way lower scores on the 
multitasking measure, which indicates poor multitasking ability, will be associated with 
higher scores on the vocational interview, which indicates a higher degree of difficulty 
with multitasking at work.  The relationship between performance on the SET and 
vocational functioning has never been examined in MS.   
Planned Statistical Analysis 3: Pearson correlations examining the association 
between SET performance variables and the vocational interview will be calculated. 
Hypothesis 4: Individuals who are unemployed (UE) will demonstrate 
significantly lower scores on the SET as compared to those who are employed (E).  The 
MS literature demonstrates that neuropsychological tests are associated with clinically 
meaningful vocational decline, but the explanatory power of these tests is limited 
suggesting the presence of another factor contributing to high unemployment rates, 
namely multitasking.  Qualitative studies demonstrate that individuals with MS report 
feeling overwhelmed at work when faced with multiple demands and experience 
difficulty beginning new tasks.  However the association between multitasking ability 
and employment has never been examined in MS.   
Planned Statistical Analysis 4:  To compare group differences in age, education, 
MSFC, years since diagnosis, and years since symptom onset, tests of one-way analysis 
of variance (ANOVA) were used, and all other categorical variables (i.e., gender, type of 
MS diagnosis) were evaluated using chi-square (χ2) analyses.  ANOVA analyses were 
conducted to examine group differences in SET performance variables.  Partial eta-
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squared (η2) statistics were calculated to provide a measure of effect size for each of the 
ANOVA analyses.  According to Cohen’s definition (Cohen, 1992), an effect size ≥ 0.15 
and < .40 represented a small effect, ≥ .40 and < 0.75 represented a medium effect, and 
an effect size ≥ 0.75 represented a large effect.  Analyses were two-tailed and alpha level 
was set at 0.05. 
Hypothesis 5:  Individuals in UE group will demonstrate significantly more 
impairment at work in activities supportive of multitasking than individuals in E group.  
The cognitive abilities and functions included in the structured interview of multitasking 
at work were developed based on the characteristics of everyday multitasking situations 
developed by Burgess (2000) and the cognitive correlates of multitasking demonstrated 
by Burgess and colleagues (2000).  Examination of self-reported ability to multitask at 
work will involve evaluation of the relevance of multitasking for individuals at work, and 
determination if unemployment is related to difficulty multitasking at work.    
Planned Statistical Analysis 5:  Total score on the vocational interview, and each 
of the 12 individual questions included in Part III of the vocational interview were 
analyzed.  Individual questions of the vocational interview are measured on a 5-point 
Likert scale as previously described in Methods section.  ANOVA analyses were used to 
examine group differences in total score of the vocational interview and in rating of 
difficulty for each individual question.  Partial eta-squared (η2) statistics were calculated 
to provide a measure of effect size for each of the ANOVA analyses.  Analyses were 
two-tailed and alpha level was set at 0.05.   
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Secondary Analysis 1: Hypotheses included in the current study thus far have 
examined differences in multitasking ability and vocational functioning between UE and 
E individuals.  The literature demonstrates that individuals who are unemployed report 
higher levels of depression, lower overall quality of life, and demonstrate more cognitive 
impairment.  These analyses will be replicated in the current study to examine for 
differences in mood, quality of life, neuropsychological performance, and fatigue 
between UE and E individuals.  It is hypothesized that UE individuals will report 
increased fatigue , decreased mood, lower quality of life, and demonstrate significantly 
more impaired performance on neuropsychological tests than E individuals.   
Planned Statistical Analysis, Secondary Analysis 1: ANOVA analyses will be 
used to test for group differences in psychosocial and neuropsychological variables.  
Partial eta-squared (η2) statistics were calculated to provide a measure of effect size for 
each of the ANOVA analyses.  Analyses were two-tailed and alpha level was set at 0.05.   
Secondary Analysis 2:  A secondary, exploratory analysis was conducted to 
explore the ability of psychosocial, clinical, and multitasking factors to predict vocational 
outcome (UE vs E)  It is hypothesized that multitasking together with a combination of 
psychosocial and clinical factors will accurately predict vocational outcome.   
Planned Statistical Analysis, Secondary Analysis 2: Psychosocial, clinical, and 
multitasking variables found to be significantly different across UE and E groups will be 
tested using forced entry logistic regression with the vocational outcome group as 
dependent variable.  Demographic factors that vary across UE and E groups will be 
entered as step 1 to control for their effects.    
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3. Results 
3.1 Analytical Strategy 
All analyses were performed using PASW 18.0.  Analyses in the current study 
used descriptive analyses, comparison of group means, and a logistic regression.  
Descriptive analyses were performed for demographic variables, neuropsychological 
variables, and psychosocial outcome variables.  Vocational status served as measure of 
group status in comparison of group means.  Means and standard deviations (or 
percentage/frequencies for categorical variables) for variables of interest were reported 
for each vocational group.  Two methods were used to categorize participants into 
vocational groups.  The first method, which is most commonly used in the literature, was 
to categorize participants as either unemployed (UE) or employed (E).  The second 
exploratory method was to categorize participants as follows: (a) participants who have 
reduced their work hours since being diagnosed with MS (“cut-back”, CB); and (b) 
participants whose work hours have remained the same since diagnosis of MS (“same”, 
S).  Of note, individuals who were unemployed at the time of the study were included in 
the CB group, conceptualized as reducing their work hours to “zero”.  All analyses 
involving comparisons of vocational groups will be conducted for both UE and E groups, 
as well as CB and S groups.  Finally, variables found to be statistically different across 
vocational groups were entered into a logistic regression to predict associated vocational 
status.  
Scores on neuropsychological measures and the CMDI were converted to 
standardized z-scores to facilitate examination of the distribution of scores.  The 
distribution of all variables was tested for normality using skewness and kurtosis 
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statistical tests.  The data was examined for presence of outliers, and did not reveal any 
outliers in the data.  Non-directional hypotheses were tested using two-tailed tests.  The 
criterion for statistical significance was p < .05.   
3.2 Recruitment 
Thirty out of 37 persons who underwent initial assessment protocol met the 
inclusion and exclusion criteria specified previously and consented to participate in the 
study.  Of the individuals not meeting criteria, one was a student, one individual 
exceeded the age requirement, and two individuals were not on a stable regiment of 
medications. Three individuals met criteria to participate, but declined entry into the 
study.     
3.3 Characteristics of the sample 
3.3.1 General demographics  
The sample consisted of 30 participants with a diagnosis of MS confirmed 
through participants’ treating neurologist.  The sample was 90% female and 10% male, 
consistent with reported gender differences in MS disease prevalence, indicating higher 
rates among females.  Participants’ mean age was 48.20 years (SD = 8.08), and mean 
education was 15.13 years (SD = 2.22).  The sample was 86.7% Caucasian (n = 26), 
6.7% African-American (n = 2), and 6.7% Hispanic (n = 2), consistent with reports of 
higher MS disease prevalence in Caucasian individuals.  
 
3.3.2 Clinical demographics 
Verified by records from their treating neurologist, 86.7% (n = 26) of participants 
had a confirmed diagnosis of Relapsing Remitting MS disease type, 6.7% (n = 2) were 
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diagnosed with Primary Progressive MS disease type, and 6.7% (n = 2) were diagnosed 
with Secondary Progressive MS.  Average disease severity as measured with the MSFC 
was 0.12 (SD = .63).  The normally distributed range of MSFC scores was -1.33 to 1.25, 
and indicated that the MS sample in the current study represented 79.9% of the possible 
range in MS symptom severity.  Analysis of motor disability revealed an average score of 
7.48 (SD = 2.75) for lower extremity functioning and 25.34 (SD = 9.99) for upper 
extremity functioning, indicating mild upper and lower extremity disability.  Participants 
had been diagnosed with MS for an average of 9.47 years (SD = 8.01), had experienced 
symptom onset an average of 14.57 years ago (SD = 10.31), and were on a stable 
regiment of medications at the time of the study.  
3.3.3 Psychosocial outcome measures 
Depression symptoms were measured with both the BDI-II and CMDI.  The 
average BDI-II score was 13.9 (SD = 9.99), indicating a mild level of depression.  To 
facilitate interpretation of the CMDI, scores were converted into z scores using healthy 
control norms from Nyenhuis and colleagues’ validation study of the CMDI (Nyenhuis et 
al., 1998).  Average CMDI total score was 110.33 (SD = 21.99), which was 2.16 standard 
deviations above the normative average range in a sample of healthy individuals, and is 
consistent with reported levels of depression in MS (Arnett et al., 1999). 
Average level of reported fatigue interference with daily functioning was 4.41 
(SD = 1.76).  Overall quality of life as measured by MSQOL-54 was 65.93 (SD = 22.47), 
consistent with quality of life reported by individuals with moderate MS symptom 
severity.  Analysis of MSQOL-54 composite scores revealed that overall physical quality 
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of life was 60.15 (SD = 20.96) and mental health quality of life was 67.45 (SD = 20.59), 
consistent with individuals reporting mild MS symptom severity (Vickrey et al., 1995).   
3.3.4 Neuropsychological measures  
Descriptive statistics for all neuropsychological outcome measures are 
summarized in Table 1.  All neuropsychological raw scores were converted to age 
normed t scores to facilitate comparisons between tests.  Ninety percent (n = 27) of 
participants had data for the full battery of neuropsychological tests.  Twelve participants 
in the current study had previously participated in a study in our research laboratory that 
involved administration of neuropsychological measures, and thus had prior exposure to 
the PASAT, Oral SDMT, and TMT.  To control for practice effects on these assessments, 
data collected during prior study participation (all within last year) for these twelve 
participants was used to represent performance in the current study.  For these individuals 
the presence and severity of MS symptoms reported at the time of the current study were 
compared to reported symptoms during prior study participation to assess for any changes 
in MS symptoms between studies.  Also, in the current study the 9-HPT and TWT were 
re-administered to allow for objective measurement of change in MS symptom severity.  
By both subjective and objective measures, individuals participating in both studies did 
not show significant changes in MS symptoms over the specified timeline.   
In addition to performance on individual neuropsychological measures, an overall 
measure of intra-individual variability, termed dispersion, was calculated in the current 
study.  Dispersion reflects variability in performance by a single individual across 
multiple neuropsychological tasks.  It is thought to be an indicator of cognitive control, 
an aspect of executive functions that likely reflects the ability of top-down processes 
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responsible for sustained regulation and allocation of cognitive resources across a battery 
of neuropsychological tests (McDonald et al., 2009).  Raw scores from each 
neuropsychological measure were converted into demographically adjusted T-scores, and 
the standard deviation was calculated across these selected T-scores for each participant.   
In this way higher dispersion scores represent greater variability across measures of the 
battery.  The utility of measuring dispersion in addition to age normed 
neuropsychological performance is suggested by Morgan and colleagues (2012) who 
found that dispersion was a significant and unique predictor of performance on daily 
functioning activities.  Descriptive analyses of dispersion indicated an average dispersion 
value of 8.34 (SD = 3.60, range [3.56 - 23.30]).    
3.3.5 Structured Interview of Multitasking at Work 
To characterize the employment status of the sample a frequency analysis was 
conducted.  Among all participants, thirty-three percent (n = 10) were unemployed, 46.7 
percent (n = 14) were employed full-time, and twenty percent (n = 6) were employed 
part-time.  Since being diagnosed with MS, sixty percent of participants (n = 18) had 
reduced their work hours (CB), which included those who were unemployed at the time 
of the study, and forty percent (n = 12) had maintained their same number of work hours 
(S).  Among those who reported reducing their work hours, 72.22 percent cited a 
combination of fatigue and physical limitations, 16.67 percent cited cognitive 
impairment, 5.56 percent cited emotional symptoms, and 5.56 percent reported 
transportation barriers as reasons for reducing work hours.  Of note, all individuals in the 
current study attributed the decrease in their work hours to MS disease burden, as 
compared to other factors (e.g., retirement, company related lay-offs, spending more time 
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with family).  The average number of years that had lapsed since participants reduced 
their work hours was examined.  Within the CB group, an average of 6.88 (SD = 8.03) 
years had lapsed for participants (n = 8) who had reduced their work hours since being 
diagnosed yet were employed at the time of the study.  Participants who were 
unemployed at time of the study (n = 10) had been unemployed for an average of 4.11 
years (SD = 3.75).  There were no significant differences in years lapsed between 
participants who were unemployed and those who had reduced their work hours since 
being diagnosed.  Among those who were employed at the time of the study, ninety 
percent (n = 17) held professional, medical, or legal positions and 10.5 percent (n = 2) 
held labor intensive or commercial/sales positions.  Finally, among the unemployed 
participants, 27.27 percent (n = 3) were on disability and 80 percent (n = 8) were 
unemployed without qualifying for disability.   
Across the sample, participants had been in the workforce an average of 27.40 
(SD = 8.32) years.  In characterizing job demands participants on average reported that 
19.36 percent of work tasks were physical and 79.93 percent were mental.  Further, 
participants reported that 51.87 percent of work tasks involved routine and familiar 
processes, 28.07 percent involved troubleshooting through challenges at work, and 19.71 
percent involved learning new information.  Differences in characterization of job 
demands were examined between UE and E groups using Student’s t-test, but did not 
reveal significant differences.  However examining differences between CB and S 
groups, revealed that participants in the CB group reported a significantly lower 
frequency of performing routine and familiar processes than those in the S group (t (26) = 
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2.30, p < .05).  See Table 2 for characterization of job demands based on vocational 
group status.    
Descriptive analysis of the overall total score reported in Part III of the Structured 
Interview of Multitasking at Work, revealed an average score of 19.83 (SD = 10.74, 
range [5-42]).  Scores on this measure were normally distributed.    
3.4 Descriptive Analysis of SET Performance Variables  
To begin to address the first study aim, to examine multitasking ability in MS, 
descriptive analyses were conducted on the three SET performance variables.  Data for 
the SET was available for 100% (n = 30) of study participants.  Average SET profile 
score was 3.37 (SD = .93) with a range of 1-4.  On average, participants made an average 
count of 8.20 task switches during the SET (SD = 5.47, range [2-28]).  Analysis of the 
final SET performance variable, CompletionSET, revealed that on average participants 
completed 177.20 items accurately during the SET (SD = 56.47).  Pearson correlations 
were conducted to examine relationships between SET performance variables.  SET 
Profile Score was not significantly correlated with SET # Task Switches (r = .35, p =.06), 
or with CompletionSET (r = .27, p = .14).  Similarly, CompletionSET and SET # Task 
Switches were not significantly correlated (r = -.04, p = .84).       
3.5 Pearson correlations: Neuropsychological measures and SET  
It was hypothesized that a combination of executive functioning tests would 
explain a portion of the variance in SET performance.  Pearson correlations were 
conducted between the three SET performance variables and neuropsychological tests 
representing the cognitive domain of executive functioning.  No significant correlations 
were found between SET Profile Score and any of the neuropsychological tests or 
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measure of dispersion.  Similarly, there were no significant relationships between SET # 
Task Switches and any of the neuropsychological variables or measure of dispersion.  
CompletionSET was significantly correlated to Oral SDMT (r = .51, p < .001) and 
PASAT 2” (r = .44, p < .05).      
To further explore the relationship between the SET and executive functioning in 
MS, a multiple linear regression was performed to determine which sub-domain of 
executive functioning might be most predictive of SET performance.  Two independent 
(predictor) variables measuring sub-domains of executive functioning were utilized; Oral 
SDMT and PASAT 2”, and CompletionSET was used as the outcome variable.  The 
overall regression model was significant (R2 = .33, F (2, 28) = 6.25, p <.01).  Analyses of 
beta values revealed Oral SDMT (b = .91, SE = .54, p = .04) to be a significant predictor 
of CompletionSET, however PASAT 2” was not retained in the final model.     
3.6 Pearson correlation: SET and Multitasking at Work 
It was hypothesized that SET performance variables would be inversely related to 
total score on Structured Interview of Multitasking at Work.  Pearson correlations were 
conducted to evaluate the relationship between total score on the structured vocational 
interview and each SET performance variable.  No significant correlations were found 
between any of the variables.  One hypothesized reason for not finding significant 
relationships was thought to be that the structured vocational interview more accurately 
captured aspects of planning and structuring activities during the workday, as opposed to 
multitasking throughout the workday.  As a follow-up analysis to examine this 
hypothesis, a Pearson correlation was conducted between the Zoo Map test, a measure of 
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planning ability, and the structured vocational interview; however no significant 
relationship was found between these measures. 
3.7 Differences in SET Performance Between Vocational Groups 
  Differences in demographic and MS disease variables were examined between 
UE and E groups, as well as between CB and S groups.  Participants in the CB group 
were significantly older and had been diagnosed with MS for a longer duration than 
participants in the S group.  Age and years since diagnosis were subsequently controlled 
for in future analyses comparing CB and S groups.  Participants in UE and E groups did 
not significantly differ in demographic or MS disease characteristics.  
It was hypothesized that participants in the UE group would perform significantly 
worse on the SET compared to participants in the E group.  ANOVA analyses revealed 
that there were no significant differences between UE and E groups for SET Profile Score 
or SET # Task Switches, but that CompletionSET scores were significantly lower for 
participants in the UE group compared to the E group (F (1, 28) = 4.16, p =.05, η2 = .13).  
The same analyses were conducted between CB and S groups, while controlling for age 
and years of diagnosis.  Results showed that there were no significant differences in SET 
Profile Score or SET # Task Switches between groups, but that CompletionSET scores 
were significantly lower for participants in CB group compared to S group (F (1, 28) = 
4.25, p =.05, η2 = .14).  See Table 3 for mean SET performance variable scores across 
vocational groups.  
3.8 Vocational Group Differences in Report of Multitasking at Work  
In previous analyses the structured vocational interview was evaluated by 
measuring overall total score from Part III of the interview.  In this analysis each 
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individual question was examined to explore differences in ability to perform specific 
tasks and cognitive abilities associated with multitasking in everyday life (Burgess et al., 
2000) between vocational groups.  ANOVA analyses revealed significant differences 
between UE and E groups in level of difficulty experienced when beginning new projects 
at work (F (1, 28) = 5.98, p = .02, η2 = .18),  and perception of working at a slower rate 
than coworkers (F (1, 28) = 5.17, p = .03, η2 = .16).  Between CB and S groups, there 
were significant group differences in level of fatigue experienced after working on 
multiple tasks (F (1, 28) = 4.93, p = .04, η2 = .15), and perception of working at a slower 
rate than coworkers (F (1, 28) = 5.43, p = .03, η2 = .17).  See Table 4 for mean level of 
difficulty reported for each cognitive task or ability across vocational groups.  
3.9 Secondary Analysis: Vocational Group Differences in Psychosocial and 
Neuropsychological Variables 
ANOVA analyses were utilized to explore group differences in psychosocial 
outcome measures and neuropsychological variables between vocational groups, with 
statistical significance at p < .05.  Level of fatigue interference with everyday functioning 
was significantly different between UE and E groups (F (1, 28) = 5.88, p = .02, η2 = .18), 
with UE participants (M = 5.43, 95% CI [4.61, 6.25]) reporting a significantly higher 
level of fatigue interference than E participants (M = 3.90, 95% CI [3.05, 4.75]).  
Differences in level of dispersion trended toward significance, with UE participants 
demonstrating higher levels of intra-individual variability across neuropsychological 
measures.  In examining differences between CB and S groups results showed significant 
differences in level of fatigue interference with everyday functioning (F (1, 28) = 9.52, p 
< .01, η2 = .25), and in overall self-report of physical health (F (1, 28) = 5.14, p = .03, η2 
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= .17).  Participants in the CB group (M = 5.12, 95% CI [4.32, 5.93]) reported 
significantly higher level of fatigue interference than participants in S group (M = 3.34, 
95% CI [2.43, 4.26]).  Additionally, participants in the CB group (M = 53.11, 95% CI 
[42.52, 63.71]) reported a significantly lower level of overall physical health than 
participants in the S group (M = 70.40, 95% CI [57.74, 83.06]).  Of note, there were no 
significant differences among vocational groups in any neuropsychological tests 
measuring executive functioning.          
3.10 Secondary Analysis: Logistic regression 
To explore how much variance in vocational outcome (UE vs. E) could be 
explained by the overall model, the contributions of FSS and CompletionSET were tested 
using forced entry logistic regression.  The model containing the two predictors were 
added at step one.  Results suggested the model was able to successfully classify 76.7% 
of cases correctly (χ2 = 13.69, p < .01).  Fatigue [Exp(B)=.86, p =.04] and 
CompletionSET [Exp(B) = .67, p < .05) were significant unique predictors of vocational 
outcome.     
To explore how much variance in vocational outcome (CB vs. S) could be 
explained by the overall model, the contributions of FSS, CompletionSET, and MSQOL-
54 were tested using forced entry logistic regression.  Demographic factors (age, years 
since diagnosis) were entered into step 1 to control for their effects.  The model 
containing all three predictors was added at step two.  Results suggested the model was 
able to successfully classify 77.8% of cases correctly (χ2 = 10.16, p =.02).  Fatigue 
[Exp(B) = .75, p = .04] and CompletionSET [Exp(B)= .64, p = .04] were significant 
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unique predictors of vocational outcome.  MSQOL-54 was not retained in the final 
model.   
4. Discussion 
This study sought to take a neuropsychological perspective in studying the 
cognitive construct of multitasking ability in individuals with MS, as well as to examine 
the relationship between multitasking ability and vocational functioning.  Specific aims 
included characterization of multitasking ability in MS, including identifying associations 
between multitasking ability and performance on executive functioning measures.  
Impaired multitasking ability in individuals with MS has been demonstrated by one prior 
study (Manly, Hawkins, Evans, Woldt & Robertson, 2002).  However measurement of 
multitasking ability was limited in this previous study, and the results called for more 
valid measurement of multitasking ability in MS.  The second specific aim of the current 
study was to examine the relationship between multitasking ability and vocational 
functioning.  Cognitive dysfunction, as measured by a domain specific approach, has 
been shown to be associated with high unemployment rates in MS.  This literature 
includes studies demonstrating inconsistent determination of which cognitive domain is 
most predictive of employment status (i.e., memory, learning, processing speed, and 
executive functioning), and a limited proportion of variance in employment status has 
been explained by performance on neuropsychological tests.  To address this, the current 
study utilized performance on a complex and integrated cognitive task of multitasking to 
predict functional deficits in the demanding real-world environment of the workplace.  
The current results provide evidence for multitasking impairment in MS, and suggest that 
individuals who have reduced their work hours after being diagnosed with MS, including 
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those who were unemployed, demonstrate more impairment in multitasking ability 
compared to individuals whose work hours have remained unchanged since diagnosis.  
This particular finding may offer important implications for determining job placements 
for individuals after being diagnosed with MS and provide evaluative information when 
considering the potential usefulness of restructuring one’s work environment to place less 
demands on multitasking ability.         
Individuals with MS who exhibited a range of disease severity were included in 
the sample.  There was a range of individuals who represented various stages of 
employment, including those employed full time and part time, those who had reduced 
their hours since being diagnosed with MS, and those who were unemployed at the time 
of the study for reasons attributable to their disease burden.  In sum, a wide range of MS 
participants were included to enhance generalizability.   
The state of the literature was expanded by the current study’s characterization of 
multitasking ability using the SET.  One prior study has examined multitasking ability in 
MS (Roca et al., 2008), but is limited by the measures chosen to represent multitasking 
ability (i.e., Hotel Task, and Multiple Errands task).  This study aimed to examine the 
relationship between changes in fronto-subcortical fiber tracts and executive functioning 
in MS.  As a result the Hotel Task and Multiple Errands task were included as part of a 
larger battery of executive functioning tests that had been proven sensitive to prefrontal 
cortex dysfunction.  This differs from the current study, which selected the measure 
chosen to represent multitasking ability (i.e., SET) specifically based on a theoretical 
framework of multitasking.  Additionally, the multitasking measures that have been used 
previously in the MS literature may offer face validity, but the construct validity of the 
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Hotel Task has never been established.  Ecological validity of the Multiple Errands Test 
as a measure of multitasking has been established in the literature (Alderman, Burgess, 
Knight, & Henman, 2003); however no prior study has examined its relation to self-
reported difficulty with multitasking in everyday situations in MS.  
By contrast the current study employed a theoretical framework offered by 
Burgess and colleagues (2000) who define multitasking in everyday situations as 
requiring an individual to organize, initiate their own plan of action, switch between 
tasks, and manage their time effectively.  To incorporate these aspects of everyday 
multitasking, the current study employed the SET, supplementing the literature with a 
description of multitasking performance as measured by the SET in individuals with MS. 
Although the current study is the first to measure multitasking ability with the 
SET in MS, previous studies have utilized the SET with other neurological populations 
(e.g., TBI).  In these studies performance on the SET has been shown to be distinct from 
performance on neuropsychological measures of executive functioning (Burgess et al., 
1998; Gouveia, Brucki, Malheiros, & Bueno, 2007).  Results of the current study differed 
from these findings, and showed that the total amount of the SET accurately completed 
was correlated with the cognitive domains of working memory and processing speed.  
Additionally in previous studies, a single SET profile score has been used as the 
dependent variable to represent multitasking ability.  The single SET profile score may be 
more sensitive to multitasking impairment in clinical populations who exhibit greater 
variability in severity of multitasking impairment than the MS sample in the current 
study.  Suggesting perhaps that in higher functioning clinical populations who 
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demonstrate less variation in multitasking ability, using additional performance SET 
measures can provide a more sensitive measure of multitasking. 
The current study sought to expand SET measurement by not only examining the 
use of the single profile score, but also by developing two novel SET measures, that may 
offer new information about multitasking performance.  These include 1) measurement of 
the number of task switches engaged in, and 2) summation of the total amount of the SET 
accurately completed within the 10 minute timeframe of the task.  The three SET 
performance measures used met criteria for independence, and the variable measuring 
total amount of the SET accurately completed was correlated with measures of working 
memory and processing speed.  Future studies measuring multitasking ability may benefit 
from incorporating these additional measures of SET performance to provide a more 
sensitive and rich analysis of multitasking ability.       
Multitasking ability is theoretically defined in the current study.  This theory is 
based on evidence from Burgess and colleagues (2000) who demonstrated that the three 
cognitive constructs of prospective memory, planning, and retrospective memory are 
involved in multitasking.  Additionally, that impairment in multitasking ability is related 
to dysfunction of the supervisory attention system (Shallice & Burgess, 1991), which is 
activated when a task cannot be adequately executed through the application of well-
learned action patterns.  As a result an individual must engage in “online” planning 
processes during everyday activities as environmental demands and opportunities 
continually change.  The process of continually planning and attending to changes in the 
environment in order to engage in multitasking can be conceptualized as a measure of an 
individual’s information processing speed.  This is supported in the current study by 
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results emphasizing the importance of measuring the amount of a task an individual is 
able to complete while multitasking, which was exclusively associated with 
neuropsychological measures of processing speed.     
Specific hypotheses concerning the expected relationship between multitasking 
ability and self-report of ability to multitask at work were not supported.  Our findings 
indicated that no significant relationship existed between objective assessment of 
multitasking ability and self-report of multitasking ability at work as measured with our 
structured interview of multitasking measure.  Reasons for this lack of relationship may 
include limitations associated with decreased validity of self-report of multitasking ability 
at work.  Studies show that individuals who have been diagnosed with medical diseases 
or conditions often over inflate the level of functional performance that existed before 
diagnosis (Paulhus, Delroy, Harms, Bruce, Nadine, & Lysy, 2003), and it is possible this 
phenomena influenced results in the current study.  Additionally, multitasking demands 
of the SET occurred over a relatively short time period, whereas questions included in the 
vocational interview assessed multitasking demands that occur over an extended period 
of time, namely an individual’s workday.  Finally, the inability to demonstrate a 
significant relationship may be due to the incongruence of assessing for associations 
between current objective multitasking ability and prior multitasking ability at work for 
individuals who were unemployed at the time of the study.  
Consistent with the current study, prior studies with individuals with MS have 
reported that a high percentage of individuals with MS work in high functioning and 
demanding jobs (Smith & Arnett, 2005).  Results of the current study showed that those 
who have not reduced their work hours are engaging in more routine and familiar 
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processes at work as compared to those who have reduced their work hours.  This 
suggests that those who engage in less routine processes at work, and have more 
demanding jobs that require novel problem solving and time management on a daily 
basis, experience more difficulty at work, perhaps contributing to a decrease in work 
hours.  Based on these results, recommendations can be made to individuals with MS 
who work in these higher demanding positions to be vigilant for opportunities to 
restructure their position to include more routine tasks and to mitigate the toll of higher 
demanding responsibilities.  Individuals who were unemployed at the time of the current 
study reported more difficulty beginning new projects at work and slower rate of 
performance in reference to their most recently held position before becoming 
unemployed.  Additionally, those who had reduced their work hours reported a higher 
level of fatigue and slower rate of performance in their most recently held position before 
reducing their work hours.  With the knowledge that beginning new projects at work, 
fatigue, and working at a slower pace are associated with both a reduction in work hours 
and unemployment, rehabilitation professionals can make these symptoms primary 
targets of vocational interventions.       
Although results did not show a significant relationship between objective 
multitasking ability and self-report of multitasking ability at work, comparison of 
multitasking ability between groups based on employment status demonstrated 
significant differences.  The literature has examined vocational functioning by classifying 
individuals as either employed or unemployed at the time of study.  A novel approach has 
been taken by Smith and Arnett (2005) who assessed for differences in cognitive 
functioning between MS individuals employed full time, those who cut back their work 
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hours, and those who were unemployed.  The findings from that study did not show any 
significant differences in neuropsychological performance between these groups and 
concluded that cognitive impairments did not have a significant impact on employment 
status.  Results from the current study replicated this finding in relation to 
neuropsychological performance, but importantly showed significant differences in 
multitasking ability between 1) employed and unemployed individuals, and 2) individuals 
who have cut back their work hours since MS diagnosis and those who have retained the 
same number of work hours.  In this way, the findings from the current study provide 
preliminary evidence that multitasking ability is a better predictor of employment status 
as compared to measuring specific cognitive domains with neuropsychological tests.  
Although promising, the results of these group comparisons yielded small effect sizes.  
Nonetheless, future studies examining interpretation of differences between employment 
groups may benefit from including a measure of multitasking ability, in addition to other 
factors that could be contributing to vocational functioning.   
 Unemployment in MS has been shown to be associated with higher rates of 
depression, fatigue, decreased quality of life, and decreased social support (Benedict et 
al., 2005; Miller & Dishon, 2005; Rumrill, 2009).  Results of the current study are 
consistent with this literature, and improve upon findings by expanding the 
conceptualization of vocational functioning to also include comparing individuals who 
have reduced their work hours and those who have not.  Level of interference of fatigue 
on daily functioning was higher among unemployed individuals as compared to 
employed individuals.  Similarly, fatigue interference was higher among individuals who 
have reduced their work hours, and these individuals also reported lower overall physical 
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health.  The results of these group comparisons yielded small effect sizes, consistent with 
previous literature and common in psychological research.  Measure of fatigue yielded 
the largest effect sizes, and explained over half of the variance in ability to accurately 
predict vocational functioning status. 
As demonstrated by previous literature, fatigue is an important factor to measure 
when evaluating vocational functioning.  In studies examining reasons reported for 
premature retirement in a group of individuals with MS, fatigue was one of the four main 
physical symptoms reported (Kornblith et al., 1996; Verdier-Tailefer et al., 1995).  
Additional studies have reported that higher perceived fatigue levels are the most 
significant predictors of unemployment (Edgley et al, 1991; Jackson et al., 1991), with 
fatigue effecting individuals ability to perform activities they could normally perform 
well.   
As a construct, fatigue can be conceptualized as both the physical and 
physiological manifestations of fatigue or mental and cognitive fatigue.  Cognitive 
fatigue is often described as decreased performance during acute but sustained mental 
effort.  Behavioral studies of MS have demonstrated cognitive fatigue effects during 
sustained mental effort (Bryant, 2004; Schwid, 2003).  To examine cognitive fatigue 
DeLuca and colleagues (2008) examined changes in brain activity over time as 
individuals with MS repeatedly engaged in a cognitive task.  Results showed that 
behavioral alterations indicative of fatigue in the MS group were associated with 
increased activation in the basal ganglia, frontal regions, parietal regions, thalamus, and 
occipital lobes.  Self-reported level of fatigue interference in the current study was found 
to be the most predictive factor of vocational functioning, adding to evidence that the 
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effects of cognitive fatigue on vocational functioning and other everyday functions 
warrant further objective study.     
Taken together, results of the current study provide support for the usefulness of 
analyzing vocational functioning by two different grouping methods.  The method used 
to analyze vocational functioning did not affect group differences in multitasking ability 
as both comparisons yielded nearly identical effect sizes.  Future studies examining self-
report of vocational functioning in MS should group individuals based both on the 
presence of reduction in work hours since diagnosis and current employment status.  In 
the current analyses, both group comparisons showed significant differences in speed of 
performance at work, and groups differed in that 1) unemployed individuals reported 
more difficulty initiating new projects at work compared to employed individuals, and 2) 
those who had cut back their hours since diagnosis reported a higher level of fatigue and 
engaged in fewer routine processes than individuals who had not reduced their work 
hours.  Differences in level of fatigue interference were found in both group comparisons, 
however a greater effect size was found when comparing those who had reduced their 
work hours and those who had not.  Utilizing both traditional methods of grouping 
individuals by employment status and novel grouping methods measuring presence of 
reduction in work hours after being diagnosed with MS, showed that fatigue and 
multitasking ability significantly predicted vocational functioning with 76.7-77.8 percent 
accuracy.  Although fatigue was the larger of the two factors driving this prediction, 
results of the current study provide a novel contribution to understanding vocational 
functioning in MS by including a measurement of the total amount of task an individual 
is able to complete while multitasking.  Given the functional perspective of rehabilitation 
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settings that aim to target what an individual is capable of achieving, this measure of 
multitasking is well suited in contrast to the SET profile score, which measures rule 
breaks and number of errors made while multitasking.        
One potential limitation to the current study is the inclusion of unemployed 
individuals in the “cut-back” group.  Therefore, to analyze whether these unemployed 
individuals were driving results reported for this cut-back group, the sample was divided 
into three groups: individuals who had not reduced their work hours (n = 12), individuals 
who had reduced their work hours yet remained employed (n = 8), and unemployed 
individuals (n = 8).   Of note, given the sample size of 30 participants, dividing the 
sample into three groups reduced power of the subsequent analyses, which should be 
noted when interpreting these exploratory results.  However, the findings warrant 
consideration, as they support the expected pattern of performance for the three groups.  
That is, no significant differences were found among groups in neuropsychological 
performance or any of the SET performance measures.  Unemployed individuals reported 
significantly higher levels of depression than those who had reduced their hours and 
individuals who had not reduced their work hours.  Unemployed individuals reported a 
significantly higher level of fatigue and a significantly lower level of physical and mental 
health than individuals who had not reduced their work hours.  Additionally, individuals 
who had reduced their work hours reported significantly higher mental health than 
unemployed individuals.  In self-report of vocational functioning, unemployed 
individuals reported working at a slower rate of performance on the job than those who 
had not reduced their work hours, and individuals who had not reduced their work hours 
reported engaging in a higher percentage of routine and familiar processes than 
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individuals who reduced their work hours.  Based on these preliminary findings, future 
studies could benefit from including larger sample sizes to allow for analysis of 
participants across these three vocational groups to provide more sensitive and useful 
information about vocational functioning in MS.         
 There are other limitations to the current study that merit further discussion.  
First, the self-report nature of the measure of multitasking ability at work (the structured 
interview) limits the overall interpretation of the reported level of multitasking at work.  
Participants who were unemployed at the time of study were asked to rate the level of 
difficulty they experienced with specific cognitive tasks and abilities at the time of their 
most recent position.  The delay period between when an individual became unemployed 
and the time of the study may have reduced the accuracy and reliability of participants’ 
memory for their past level of functioning.  Additionally, relying on the structured 
interview of multitasking at work limited participants’ report of vocational functioning to 
the cognitive tasks and abilities that were included on the measure.  Perhaps participants 
experienced difficulty with tasks and abilities not included on the self-report measure that 
would have better characterized their vocational impairment.   
Second, in the current study, only one test was used to operationalize multitasking 
ability.  The validity of the SET has been demonstrated in other studies; however these 
studies were conducted with brain injured populations diagnosed with dysexecutive 
syndrome.  Given that individuals with MS often demonstrate more subtle cognitive 
impairment, perhaps a more challenging task is needed to measure multitasking ability in 
individuals with MS.  Additionally, the rules of the SET are structured so that ideal 
performance involves spending approximately one-sixth of the allotted time on each 
  56 
 
subtask, thus participants are not likely to complete any one subtask.  While this assesses 
one’s ability to plan their time correctly, it does not assess an individual’s ability to work 
efficiently toward completing a goal, to set priorities, or to perform multiple tasks 
simultaneously, which are skills often required in the workplace.  In this way a more 
challenging and ecologically valid task of multitasking ability would be more sensitive to 
multitasking impairment in MS and demonstrate greater explanatory power for vocational 
functioning.   
Scott and colleagues (2011) have addressed this limitation of the SET by 
designing a novel multitasking test modified from the SET to include component tasks 
with face validity that were relevant to daily functioning.  The tasks included cooking, 
advanced finance management, medication management, and telephone communication.  
Participants receive points for the number of steps in the task they are able to complete, 
and qualitative variables such as number of task switches, simultaneous task attempts, 
repeating task steps, and performing irrelevant task steps.  This novel multitasking 
measure was tested for predictive and ecologically validity in individuals with HIV 
infection.  Of note, individuals with HIV demonstrate a pattern of cognitive impairment 
similar to MS (i.e., executive functioning, processing speed deficits).   Results of this 
study demonstrated that multitasking deficits were uniquely predictive of IADL 
dependence beyond effects of depression and global cognitive impairment, with excellent 
sensitivity (86%) and modest specificity (57%).   
Given that the current study identified multitasking ability as measured by the 
SET as predictive of vocational functioning, future studies utilizing more ecologically 
valid measures of multitasking as developed by Scott and colleagues (2011), may 
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demonstrate even greater predictive value of vocational functioning.  Along the aim of 
the current study, a multitasking measure designed to include vocational correlates of the 
task developed by Scott and colleagues would be useful for this purpose.  The vocational 
task of multitasking could include telephone communication, email communication, 
distractor elements in the environment, and generating a summary report.  Participants 
would receive points for similar variables as created by Scott and colleagues.       
Another limitation to the current study is that analysis of vocational functioning 
was limited to defining groups based on the number of hours they worked, whether that 
represented full and part time employment, a reduction in work hours, or unemployment.  
Another way to analyze vocational functioning would be to assess for the frequency of 
underemployment in MS, with underemployment defined as the employment of 
individuals with high education, skill level, and experience in jobs that do not require 
such abilities (Bureau of Labor Statistics, 2012).  As this is a recent trend being reported 
in the United States labor force, it would be useful to assess for its presence and effect in 
individuals with MS.        
Characterization of the current sample of individuals with MS reveals a 
disproportionate number of Caucasian individuals and a high mean education level.  
These characteristics can insert sample bias into interpretation of the current findings due 
to the potential protective factors shown to be associated with high levels of education 
(e.g., high median income, higher SES).  This selection bias is not specific to the current 
study, but rather is representative of the majority of MS samples recruited for 
participation in research.  Schwartz and Fox (1995) examined this selection bias in the 
MS literature to measure whether individuals’ sociodemographic and medical 
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characteristics were associated with participation in a randomized control trial of two 
psychosocial interventions.  Results showed that individuals with higher median family 
income, who lived a moderate distance from the research facility, and were disabled from 
working were more likely to participate in successive stages of recruitment.  Potential 
recommendations to reduce the selection bias in MS research include broadening the 
recruitment base beyond one clinical setting or teaching hospital.  Additionally because 
Schwartz and Fox (1995) identified transportation to the research site as a barrier to 
participation, providing inexpensive and accessible transportation that could serve 
individuals at varying levels of disability may improve upon the diversity characteristics 
of MS samples recruited for research.         
Despite these limitations, the overarching strengths of this study were the novel 
examination of multitasking ability in MS and identification of a relationship between 
vocational functioning and multitasking ability.  The use of two supplemental 
performance scores on the SET can be used in future studies of multitasking ability.  
Specifically, measuring level of fatigue and the total amount of the SET accurately 
completed may be most useful for future studies in predicting vocational status.  
Considering the potential limitations noted in using patient self-report of multitasking 
ability at work, future studies should incorporate collateral report from an employer or 
some other type of performance report.  A main reason for the limited use of these types 
of measures includes the challenges of participant confidentiality and collection of 
sensitive information.  In the present study tests for group differences and a logistic 
regression analysis were run.  Results of some analyses trended toward significance, i.e., 
differences in dispersion between unemployed and employed individuals.  Future studies 
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should include larger sample sizes for greater power to detect group differences in 
multitasking ability, psychosocial variables, and to better characterize the relationship 
between multitasking ability and vocational status. 
Another direction for future study might be to examine the usefulness of cognitive 
remediation and rehabilitation strategies that attempt to compensate for multitasking 
deficits in MS, including incorporation of individualized environmental adaptations (e.g., 
cues, workspace changes; Giovannetti et al., 2007).  Rehabilitation strategies employed 
prospectively for individuals demonstrating multitasking deficits or for individuals 
working in demanding work environments that require switching between tasks during 
the workday and time management would be useful.    
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Appendix A 
 
 
 
Measure Description Type of 
assessment 
Clinical Questionnaires 
Chicago Multiscale 
Depression 
Inventory (CMDI) 
Participants complete 50-item questionnaire by rating 
severity of mood symptoms on a 5 point Likert scale.  
Calculates mood, evaluative, and vegetative scales as well as 
an overall total level of depression score.    
Depression 
assessment 
Beck Depression 
Inventory-II (BDI-
II) 
Participants complete 21-question multiple choice self-report 
inventory of severity of depression sypmtomatology to 
generate an overall score of depression severity.   
Depression 
assessment 
Fatigue Severity 
Scale (FSS) 
Participants complete a nine item report of their fatigue level 
over the past seven days using a 7-point scale. 
Fatigue assessment 
Structured Interview 
of Multitasking at 
Work 
Assessment of current job, including number of hours 
worked, nature of responsibilities, any reductions in work 
responsibilities or hours, perception of ability to perform on 
the job, and difficulties performing functions related to 
multitasking. 
 
 
Vocational 
measure 
Multiple Sclerosis 
Quality of Life-54 
(MSQOL-54) 
54 item questionnaire measuring physical function, role 
limitations physically and emotionally, pain, emotion well-
being, energy, health perceptions, social function, cognitive 
function, health distress, overall quality of life, and sexual 
function.  Used overall score and two summary scores 
measuring physical and mental health. 
 
 
Quality of life in 
MS 
Physical Functioning 
9-Hole Peg Test (9-
HPT) 
Participants are required to place nine pegs into a 
pegboard in any order and then remove them as quickly as 
possible.  Mean performance over four trials with the 
dominant and non-dominant hand will sever as the 
dependent measure. 
Upper extremity 
functioning  
25-Foot Walk Test 
(TWT) 
Participants asked to walk 25 feet at their normal 
ambulatory pace.  Mean time over two trials is the 
dependent measure. 
Lower extremity 
functioning 
Neuropsychological Functioning 
WASI Vocabulary Subtest of WASI measuring expressive word knowledge.  Verbal intelligence 
Six Elements Test 
(SET) 
Participants are instructed to complete three different 
tasks, with two components each, over ten minutes while 
following a set of pre-instructed rules.   
Multitasking 
measure 
Zoo-Map Test Participants must plan and enact a route around a map 
while following set guidelines.  Planning time, completion 
time, and accuracy of task performance is measured. 
Executive 
functioning 
measure 
Trails A and B (TMT) Participant draws lines to connect numbered and lettered 
circles based on a sequential pattern as quickly as possible 
Executive 
functioning 
measure 
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PASAT Participant adds aurally presented randomized single digits 
so that each digit is added to the one immediately 
preceding it.   
Executive 
functioning 
measure 
Controlled Oral Word 
Association Test 
(COWAT-FAS) 
Participants are instructed to name words, excluding 
proper nouns, that begin with F, A, and S over three 60 
sec. separate trials  
Executive 
functioning 
measure 
Oral Symbol Digit 
Modalities Test 
(SDMT) 
Participants are instructed to verbalize the number that 
corresponds to a series of symbols over a 45 second trial. 
Executive 
functioning 
measure 
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Table 1. Neuropsychological Outcome Scores 
 
 
 
   M SD 
Neuropsychological Test  
 
WASI Vocabulary (n = 30)  44.23 19.77 
Oral SDMT (n = 30)  56.07 13.02 
TMT A T-score (n = 27)  48.37 13.04 
TMT B T-score (n = 27)  51.26 14.07 
PASAT 3” T-score (n = 29)  49.38 11.40 
PASAT 2” T-score (n = 29)  49.62 11.75 
COWAT-FAS T-score (n = 30) 46.00 8.78 
Zoo Map Profile Score (n = 30)  3.07 1.34 
Dispersion Value  8.34 3.60 
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Table 2. Characterization of Job Demands Across Vocational Groups 
 
 
 
      Unemployed       Employed  
 
Dependent variables M SD M SD 
 
% Mental Demands 81.75 17.77 79.20 22.56 
% Physical Demands 18.25 17.77 19.80 22.87 
  
% Routine Processes 50.41 29.22 52.45 23.36 
% Learning New Info. 19.79 18.90 19.68 16.59 
% Troubleshooting  29.79 22.47 27.38 19.40 
 
             CB              S 
  
  M SD M SD 
  
% Mental Demands 78.69 22.48 81.58 19.73 
% Physical Demands 20.38 22.26 18.00 20.64  
  
% Routine Processes 43.27 25.55 63.33 18.63 
% Learning New Info. 24.17 20.62 13.75 7.42 
% Troubleshooting 31.93 23.01 22.92 14.22 
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Table 3. Mean SET Performance Variable Scores Across Vocational Groups 
 
 
 
      Unemployed       Employed  
 
Dependent variables M SD M SD 
 
SET Profile Score 3.10 1.20 3.50 0.76 
SET # Task Switches 8.00 5.62 8.30 5.62 
CompletionSET 169.60 46.84 190.24 54.36 
 
             CB              S 
  
  M SD M SD 
  
SET Profile Score 3.28 1.02 3.50 0.79 
SET # Task Switches 7.56 4.33 9.17 6.96 
CompletionSET 160.39 56.45 194.67 49.29 
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Table 4. Mean Level of Multitasking Difficulty at Work Across Vocational Groups 
 
 
 
      Unemployed       Employed  
 
Dependent variables M SD M SD 
 
Speed of performance 2.5 1.18 1.30 1.30 
Beginning new projects 1.3 0.95 0.70 0.66 
 
             CB              S 
  
  M SD M SD 
  
Speed of performance 2.11 1.37 1.08 1.16 
Fatigue  2.5 1.24 1.58 1.16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
